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Cheshire SK4 1 BS 
(54) Blade pitch actuation system 

(57) The system comprises hydraulic 
actuators 1 5 each adapted to drive a 
single blade 20 in a pitch change 
mode of operation. Fluid flow to the 
actuators is controlled by a blade 
actuator control valve 30 in fluid 
communication with the actuators 
and an hydraulic fluid source and 



drain, an Input member 35 of the 
control valve being provided with 
passages which provide selected com- 
munication between the hydraulic 
fluid source and drain and passages 
in cooperating control valve feedback 
members 40 each operated by, and 
in fluid communication with one of 
the blade actuates. The input and 
feedback members are positionable 
along one another such that selective 
positioning of the input member 
causes simultaneous selected pressur- 
ization and draining of the blade actu- 
ators through the feedback members 
thereby effecting a desired, phased 
blade pitch setting, the phased move- 
ment of the blades to. such setting 
causing a corresponding movement 
of the feedback members nulling the 
actuator control valve and preventing 
deviation in blade pitch from the de- 
sired setting. 
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SPECIFICATION 

Blade pitch actuation system 

5 This application is being filed on even date 
with U.S. Patent Application Serial No. 
130,657, for "Wind Turbine Blade Pitch Con- 
trol System" in the name of Merritt B. 
Andrews; U.S. Patent Application Serial No. 

10 130,659, for "Wind Turbine Blade Pitch Ad- 
justment System" in the names of Joseph P. 
Harry and Edward H. Kusiak; and U.S. Patent 
Application Serial No. 130,658, for "Wind 
Turbine Blade Pitch Control System" in the 

1 5 names of Robert Sherman, Millard G. Mayo 
and Philip E. Barnes, all assigned to the 
assignee of the present invention. 

Technical Field 
20 This invention relates to variable pitch 
bladed devices and more particularly to a 
system for selectively adjusting the pitch of 
variable pitch wind turbine blades. 

25 Background Art 

In variable pitch bladed devices such as 
aircraft propellers and wind turbines, it is 
imperative that the blades be phased or main- 
tained at substantially identical pitch angles. 

30 One system for actuating large wind turbine 
blades In a pitch change mode of operation 
while maintaining uniform pitch phase of the 
blades, employs a slide block which rotates 
with, and is longitudinally slidable on the 

35 main shaft of the turbine. The slide block is 
connected by means of a plurality of solid 
links to the wind turbine blades, mounted on 
a rotational hub in such manner that the 
blades are pivotable about their own axes. 

40 The block is also connected to a plurality of 
fixed actuators through a bearing mechanism. 
When an adjustment in a blade pitch is de- 
sired, the actuators rectilinearly move the slide 
block over the shaft thereby moving the links 

45 which in turn pivot the blades, the phasing of 
the blades being maintained by the mechani- 
cal connections of these actuating system 
components. It will be appreciated that such a 
prior art system is not only massive and costly 

50 but requires that each blade and the mounts 
therefor be capable of withstanding the entire 
actuator output in the event of blade jamming 
or disconnection of the other blade or blades. 
To withstand such actuator output as well as 
- 55 normal, aerodynamic loading, the blades and 
their mounts must be rather massive further 
contributing to the cost and weight of the 
bladed device. 
Various mechanical pitch changing mecha- 

60 nisms have been proposed for aircraft propel- 
lers, examples of such mechanisms being 
found in U.S. Patents Nos. 1,908,894 to 
Findley and 3,163,232 to Grindle. In the 
Findley patent, the propeller blades are 

65 phased by connection of the blades to a gear 



set driven by a single electric motor. Such a 
gear connection, like the slide block mecha- 
nism discussed hereinabove, contributes signi- 
ficantly to the weight of the propeller hub 

70 thereby introducing substantial costs into the 
system. In the Grindle patent, an hydraulic 
motor powers the blades in a pitch change 
mode of operation by means of a rotating 
cam-bevel gear arrangement for phasing the 

75 blades. However, such an arrangement may 
also add substantial weight and complexity to 
the system. 

Furthermore, such prior art pitch changing 
mechanisms employing mechanical blade 

80 phasing generally require the simultaneous 
feathering of all blades to shut the bladed 
device down. Accordingly, should one of the 
blades jam and fail to feather, the feathering 
of the remaining blades is jeopardized. 

85 

Disclosure of the Invention 

It is a principal object of the present inven- 
tion to provide a blade pitch actuation system 
which overcomes the deficiencies of the prior 
90 art. 

It is another object of the present invention 
to provide a blade pitch actuation system 
wherein the blade pitch angles are phased by 
apparatus which contributes minimally to the 
95 system weight and cost. 

It is another object of the present invention 
to provide a blade pitch actuation system 
wherein the phasing of the blade pitch angles 
is achieved without massive mechanical con- 
1 00 nections between pitch actuation and mount- 
ing devices associated with the various 
blades. 

It is another object of the present invention 
to provide a blade pitch actuation system 

105 wherein the system does not prevent indepen- 
dent feathering of the blades. 

It is another object of the present invention 
to provide a blade pitch actuation system 
wKerein the blade pitch angles are phased by 

1 10 means of fluid mechanical connections be- 

• tween the pitch change actuators associated 
with the blades. 

These and other objects which will become 
more readily apparent from the following de- 

1 1 5 scription of the best mode of carrying out the 
invention and the appended claims, are at- 
tained by the blade pitch actuation system of 
the present invention wherein variable pitch 
blades are hydraulically maintained in phase 

1 20 with one another. Each blade is driven in 
pitch change mode of operation by at least 
one hydraulic actuator. Fluid flow to the blade 
actuators is controlled by a blade actuator 
control valve which includes input and feed- 

125 back members relatively movable along one 
another. The input member is positioned by 
any suitable means and responds to a com- 
mand signal indicative of the blade pitch 
desired. The input member includes passages 

1 30 therein communicating with a primary source 



GB2071782A 2 



and drain of Rydraulic fluid. These passages, 
on actuation of the input member, are dis- 
posed in selected communication with pas- 
sages in the feedback members which com- 
5 municate with the blade actuators. The blades 
operate the feedback members such that piv- 
oting of the blades about their axes in a pitch 
change mode of operation moves the feed- 
back members out of fluid communication 

1 0 with the input member thereby nulling the 
actuator control valve and preventing further 
pitch change movement of the blades until 
the input member is reactivated. In the pre- 
ferred embodiment the input member is sli- 

1 5 dably received within the feedback members, 
one feedback member being associated with 
each variable pitch blade. The input and feed-, 
back members and the passages provided 
therein are so dimensioned, and the relative 

20 spacing of the feedback members along the 
input member is such that actuation of the 
input member effects identical relative disposi- 
ton of that member with ail the feedback 
members thereby assuring precise phasing of 

25 the blades. 

The input member is positioned by a control 
valve actuator connected thereto by way of a 
lever, a feather actuator also being connected 
to the lever and adapted to actuate the control 

30 valve input member under conditions requir- 
ing feathering of the blades. Alternatively, the 
blades may be independently feathered by 
actuators pressurized by independent supplies 
of hydraulic fluid. 

35 

Brief Description Of The Drawing 

The drawing is a schematic representation 
of the blade pitch actuation system of the 
present invention. 

40 

Best Mode Of Carrying Out The Invention And 
Industrial Applicability Thereof 

Referring to the drawing, the blade pitch 
control system of the present invention is 

45 shown generally at 1 0, comprising a plurality 
of hydraulic actuators 1 5 each including inter- 
iorly thereof an output member or piston (not 
shown) connected to a single variable pitch 
blade 20 at a base or root portion thereof by 

50 piston rod 25. 

In a manner well known in the art, hydrau- 
lic fluid is supplied to and drained from actua- 
tors 1 5 on opposite sides thereof to effect 
selective movement of the pistons and rods 

55 25, thereby effecting a select pitch angle 
setting of blades 20. The supply of hydraulic 
fluid to, and the drain of hydraulic fluid from 
actuators 1 5 as well as blade pitch phasing is 
controlled by actuator control valve 30 com- 

60 prising an input member 35 received along 
selected portions thereof within feedback 
members 40. As shown, input member 35 is 
provided with hydraulic fluid passages 45 and 
50, passage 45 communicating at one end of 

65 the input member, with an hydraulic fluid 



source and pump through a main system 
supply conduit 55, and passage 50 communi- 
cating at the opposite end of the input mem- 
ber with a drain through the main system 

70 drain line 60. Lines 45 and 50 are provided 
with radially extending outlet portions opening 
to the surface of the input member, the sup- 
ply outlets being designated by 65 and the 
drain outlets being designated by 70. 

75 The input member includes on a surface 
thereof, stop means or lands 75 which define 
therebetween portions of a reduced diameter 
which are received within the feedback mem- 
bers 40. As set forth hereinabove, input mem- 

80 ber 35 is slidable within feedback members 
40, lands 75 limiting the extent of such 
travel. 

Feedback members 40 are slidable over 
those portions of input member 35 which are 

85 received within the feedback members. The 
feedback members are provided with gener- 
ally radially extending passages 80 and 85 
adapted for registry and fluid communication 
with outlets 65 and 70 of input member 35. 

90 As shown, passages 80 connect with the 
lefthand ends of actuators 1 5 through lioes 
90 while passages 85 connect with the 
righthand ends of actuators 1 5 through pas- 
sages 95. 

95 It will be appreciated that while actuator 
control valve 30 is shown in a nulled position, 
i.e. wherein there is no communication be- 
tween the passages in the input and feedback 
members, either moving the input member 

1 00 slightly downwardly through the feedback 
members or slightly raising the feedback 
members over the input member causes lines 
80 and 90 to be disposed in fluid communi- 
cation with passage 50 in the input member 

105 and drain line 60. Such relative positioning of 
the Input and feedback members causes pas- 
sages 85 and 95 to be disposed in fluid 
communication with passage 45 and supply 
line 55 thereby pressurizing the righthand 

110 ends of actuators 1 5 with hydraulic fluid for 
increasing the pitch setting of the blades as 
indicated by the arrows shown thereon. Simi- 
larly, raising input member 35 or lowering 
feedback members 40 from the illustrated 

1 1 5 positions disposes lines 80 and 90 in fluid 
communication with supply line 45 and dis- 
poses passages 85 and 95 in communication 
with drain line 50 thereby pressurizing the 
lefthand ends of actuators 1 5 for adjusting 

1 20 the blade pitch in a decreasing pitch direction. 
Each feedback member includes thereon a 
pin or cam follower 1 00 received within cam 
slot 105 provided in cam 1 10 which is pivo- 
tabiy mounted at 115. As shown, in the 

1 25 preferred embodiment cam 1 1 0 is of a bell- 
crank shape, cam slot 1 05 being disposed at 
one end thereof, the opposite end being con- 
nected to the associated blade by a link or tie 
rod 120. 

1 30 When input member 35 is lowered thereby 
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pressurizing the righthand ends of actuators 
1 5 for increasing the blade pitch, the result- 
ing blade pivoting pulls upper link 1 20 to the 
right and pushes lower link 1 20 to the left 
5 thereby pivoting cams 1 1 0 which slide feed- 
back members 40 downwardly along input 
member 35 to the null position thus arresting 
further pitch change adjustment of the blades, 
in like fashion, raising input member 35 for 

1 0 pressurization of the lefthand ends of actua- 
tors 1 5 causes the blades to pivot in a de- 
creasing pitch direction thereby pushing upper 
link 1 20 to the left and pulling lower link 1 20 
to the right. Such link movements pivot cams 

15 110, raising feedback members 40 along 
input member 35 to the nulled position and 
arresting further blade pitch adjustment. 

While a mechanical connection between the 
blades and the feedback members has been 

20 shown, it will be appreciated that the feed- 
back members may be operated by hydraulic 
or electric means actuated by blade pitch 
change movement without departing from this 
direction. 

25 Therefore, it will be appreciated that the 
blades are hydraulically phased by the relative 
orientation of the input and feedback control 
valve members rather than mechanical lin- 
kages connecting the blades themselves. Ac- 

30 cordingly, it will be appreciated that the blade 
pitch control system of the present invention 
may be of substantially lighter weight and less 
cost than prior art slide block, gear set, or 
cam-bevel gear blade phasing mechanisms. 

35 Input member 35 is actuated by any suit- 
able means, in the preferred embodiment this 
rr>eans comprising an hydraulic control valve 
actuator 1 25 having an output member or 
piston 1 30 pivotally connected to one end of 

40 a connecting means or lever 1 35 which, on 
the other end thereof, is pivotally connected 
to input member 35. Lever 1 35 is fulcrumed 
at 1 40 a location stationary during normal 
conditions of operation. Reciprocal movement 

45 of actuator piston 1 30 pivots lever 1 35 about 
fulcrum 140 thereby reciprocating control 
valve input member 35. Operation of actuator 
125 is controlled by a servo valve 145 which 
selectively connects opposite ends of actuator 

50 125 to main supply and drain lines 55 and 
60 respectively in any manner well known in 
the art. Servo valve 1 45 is in turn operated 
by a suitable electrical or fluid mechanical 
controller 1 50. In the preferred embodiment, 
' 55 controller 1 50 is of the electrical variety being 
connected to servo valve 1 45 through electric 
lines 155. The controller selects the desired 
blade pitch angle according to various inputs 
160 based on prevailing operating conditions 

60 of the bladed apparatus. If the apparatus is an 
aircraft propeller such operating conditions 
may include airspeed and engine speed. Simi- 
larly, where the bladed device is a wind 
turbine, inputs 1 60 may include such operat- 

65 ing parameters as prevailing wind speed. 



power output of the wind turbine and the like. 
A feedback signal is provided controller 1 50 
by a suitable electrical feedback device such 
as linear variable displacement transformer 

70 (LVDT) 165 connected to the controller 
through electric lines 1 70. In a manner well 
known in the art the LVDT includes a movable 
core connected to one of the cams 1 1 0 by a 
tie rod 175. Movement of the transformer 

75 core causes variation in the output of the 
transformer indicative of the displacement of 
cam 1 10 and thus the actual change in blade 
pitch. 

The blade pitch actuation system of the 

80 present invention may include a feather con- 
trol system shown generally at ISO. The 
feather control system comprises a feather 
valve 185 having a rectilinearly movable 
spool 1 90 pivotally connected to lever 1 35 at 

85 fulcrum 1 40. Spool 1 90 is biased down- 
wardly (in an increased pitch or feather direc- 
tion) by a spring 1 95 interposed between the 
spool and the upper end of the valve housing. 
The spool is maintained in a stationary posi- 

90 tion against the bias of spring 1 95 by hydrau- 
lic fluid from supply line 55 and line 200, this 
fluid being applied to a lower portion of the 
spool opposite that engaging spring 195. It 
will be seen that in the event hydraulic fluid 

95 pressure is lost, spring 195 will urge spool 
1 90 downwardly thereby moving control 
valve input member 35 downwardly in an 
increasing pitch or blade feathering direction. 
The feather control system may also be pro- 
100 vided with a secondary source of pressurized 
hydraulic fluid 205 communicating with 
feather valve 185 through line 210 and with 
a servo actuated control valve 21 5 through 
line 222. Control valve 21 5 is also disposed 

105 in fluid communication with a blade actuator 
225 which may be either a separate actuator 
used only in blade feathering or one of the 
actuators employed for normal blade pitch 
adj.ustment. Actuation of valve 21 5, in the 

1 10 event feathering is required, channels hydrau- 
lic fluid from the secondary source 205 to 
feather valve 185 through lines 222 and 230 
is being seen that line 230 includes as part 
thereof a recess 235 in spool 190. Such 

1 15 pressurization of feather valve 185 along with 
the normal biasing of spring 195 causes the 
spool to move downwardly against the hy- 
draulic fluid pressure applied to the lower face 
of the spool. Such downward movement of 

1 20 the spool causes the pressurization of actuator 
225 through lines 210 reduced portion 235 
of spool 190, line 230 and control 215. Such 
pressurization of cylinder 220 ultimately ef- 
fecting the feathering of the blades. 

1 25 While a single feather system has been 
shown, it will be appreciated that plural 
feather systems (one for each blade) may be 
provided. Accordingly, since the blades are 
connected hydraulically rather than mechani- 

1 30 caily, the blades may be feathered indepen- 
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dently of one another and therefore indepen- 
dently of any jammed blades, without regard 
to the blade phasing. 
While there has been described a preferred 
5 embodiment of the blade pitch actuation sys- 
tem of the present invention, it will be appre- 
ciated that alternate embodiments may sug- 
gest themselves to those skilled in the art and 
it is intended by the appended claims to cover 
1 0 such alternate embodimente as come within 
the true spirit and scope of this Invention. 

CLAIMS 

1 . Blade pitch actuation system compris- 
15 ing a plurality of hydraulic actuators, each 

being associated with, and adapted to drive a 
single blade in a pitch-change mode of opera- 
tion, said system further comprising a control ' 
valve in fluid communication with said actua-' 

20 tors and a primary hydraulic fluid source, said 
control valve comprising an input member in 
fluid communication with said hydraulic fluid 
source and a plurality of feedback members 
each in fluid communication with one of said 

25 blade actuators, said input member, in re- 
sponse to a command signal thereto, being 
positionable into fluid communication with 
said feedback members for supplying hydrau- 
lic fluid therethrough to said blade actuators 

30 for the operation thereof, operation of said 
blade actuators in response to hydraulic fluid 
admitted thereto through said input and feed- 
back members causing the positioning of said 
feedback members out of fluid communication 

35 with said input members thereby nulling said 
control valve and arresting further operation of 
said blade actuators for maintenance of a 
desired blade pitch setting. 

2. Blade pitch actuation system according 
40 to Claim 1 wherein said blade actuators are 

connected to said feedback members in driv- 
ing relation thereto for positioning of said 
feedback members in said nulling of said 
control valve. 

45 3. Blade pitch actuation system according 
to Claim 2 wherein said control valve input 
member is received within said feedback 
members in sliding engagement therewith, 
said input member including a pair of pas- 

50 sages therein connected to said primary hy- 
draulic fluid source and drain, said passages 
including outlet portions opening to the sur- 
face of said input member; said feedback 
members each including a pair of passages 

55 therein, each disposed in fluid communication 
with said blade actuator and adapted for se- 
lected registry with said input member pas- 
sages. 

4. Blade pitch actuation system according 
60 to Claim 3 wherein said input member in- 
cludes stops thereon, adjacent stops defining 
a portion of said input member received 
within one of said feedback members, the 
surface of each of said received portions in- 
65 eluding a pair of drain outlets and a source 



outlet in such relative disposition that one of 
said pair of feedback member passages is 
disposed in registry with one of said drain 
outlets when the other of said pair of feed- 
70 back member passages is disposed in registry 
with said source outlet. 

5. Blade pitch actuation system according 
to Claim 4 wherein said control valve input 
and feedback members are rectillnearly posi- 

75 tionable along one another, and wherein each 
of said feedback members includes a cam 
follower thereon, said blade pitch actuation 
system further including a cam associated 
with each of said feedback members, said 

80 cam being operativeiy connected to an associ- 
ated blade and engaging one of said follow- 
ers, adjustment in blade pitch effecting pivotal 
movement of said cam and rectilinear move- 
ment of said feedback member over said Input 

85 member. 

6. Blade pitch actuation system according 
to Claim 1 wherein said input member is 
positioned by a control valve actuator con- 
nected to said input member by connecting 

90 means, said blade pitch actuation system fur- 
ther including a feather control system, com- 
prising a feather valve coupled to said con- 
necting means for positioning said input mem- 
ber to effect operation of said blade actuators 

95 in a blade feathering mode of operation. 

7. Blade pitch actuation system according 
to Claim 6 wherein said connecting means 
comprises a lever pivotally connected to said 
control valve input member, said control valve 

100 actuator and said feather valve including rec- 
tillnearly driven output members pivotally con- 
nected to said lever such that actuation of 
said output members rectilinearly repositions 
said control valve input member. 

105 8. Blade pitch actuation system according 
to Claim 7 wherein said feather valve includes 
an output spool biased In the direction of 
actuation thereof, said output spool, under 
normal coonditlons wherein feathering of said 

1 10 blade Is not required, being maintained In 
unactuated condition by the pressurization of 
said output spool with hydraulic fluid from 
said primary source. 
9. Blade pitch control system according to 

115 Claim 8 wherein said feather control system 
further includes a secondary source of pres- 
surized hydraulic fluid and a feather control 
valve in fluid communication with said sec- 
ondary source, said feather valve, and at least ^ 

1 20 one feather actuator adapted to drive said 

blades in a feathering mode of operation; said 
feather control valve, under conditions requir- 
ing feathering of said blades, channeling hy- 
draulic fluid from said secondary source of 

125 said feather valve against said pressurization 
thereof by said primary source fluid to effect 
actuation of said feather valve and channeling 
of hydraulic fluid from said secondary source 
to said feather actuator. 

1 30 10. Blade pitch control system according 



to Claim 9 wherein said feather actuator com- 
prises an actuator distinct from said actuators 
driving said blades in said pitch change mode 
of operation and capable of feathering said 
5 blades regardless of the relative phasing 
thereof. 

1 1 . Blade pitch control system according 
to Claim 7 wherein said control valve actuator 
comprises an hydraulic actuator the output 

1 0 member thereof comprising a reciprocable pis- 
ton selectively positioned within said control 
valve actuator by the pressurization of said 
control valve actuator with hydraulic fluid 
from said primary source thereof. 

15 12. Blade pitch control system according 
to Claim 1 1 wherein said pressurization and 
drain of said control valve actuator is con- 
trolled by selective connection of said control 
valve actuator to said primary source and 

20 drain by a servo operated valve. 
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